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Abstract Russet Burbank, Russet Norkotah, and Shepody
tubers infected with Potato virus Y strains (PVY
O, PVY
N:O,
PVY
NTN) were tested from storage at 4°C at the initiation of
sprouting and then the same tubers were tested again from
storage at 4°C seventy eight days later. Samples were taken
from eyes in the stem, middle, and bud (distal end) areas of
the tubers. Testing of the samples was done with an enzyme-
linked immunosorbent assay (ELISA) and negative samples
were retested using reverse transcription-polymerase chain
reactions (RT-PCR). The ELISA alone and the ELISA+PCR
combined results were evaluated for each of the strains,
sample locations, sample time, and cultivar. Results show
that ELISA underestimated the actual percentage of tubers
with virus. When test results were combined to show a more
accurate percentage, PVY
N:O was unevenly distributed in
some cultivars, but PVY
O and PVY
NTN were evenly distrib-
uted 78 days after initial sprouting. Results show that pro-
tocols for PVY post-harvest testing used by state seed
certification agencies should be written to specify the
amount of time needed before sampling and that specific
protocols may be needed based on cultivar in order to
accurately detect PVY in tuber samples.
Resumen De un almacenamiento a 4°C, se probaron tubér-
culos de las variedades Russet Burbank, Russet Norkotah y
Shepody, infectados con el virus Y de la papa variantes
PVY
O, PVY
N:O,P V Y
NTN, para inicio de la brotación, y
después, los mismos tubérculos se probaron otra vez de
almacenamiento a 4°C setenta y ocho días mas tarde. Las
muestras se tomaron de los ojos de las áreas del tallo, en
medio, y ápice (extremo distal) de los tubérculos. Las prue-
bas se hicieron con un ensayo de inmunoabsorción enzimá-
tica (ELISA) y se probaron muestras negativas usando
reacción en cadena de la polimerasa de transcripción inversa
(RT-PCR). Se evaluaron la ELISA sola y los resultados
combinados de ELISA+PCR para cada una de las variantes,
localidades de la muestra, tiempo de la muestra y variedad.
Los resultados muestran que la ELISA subestimó el porcen-
taje actual de tubérculos con virus. Cuando se combinaron
los resultados de las pruebas para mostrar un porcentaje mas
preciso, PVY
N:O se distribuyó mas desuniformemente en
algunas variedades, pero PVY
O yP V Y
NTN estuvieron
distribuidos uniformemente después de 78 días de la brota-
ción inicial. Los resultados muestran que los protocolos para
las pruebas de PVY de postcosecha utilizados por las agen-
cias estatales de certificación de semilla deberían estar por
escrito para especificar la cantidad de tiempo requerido
antes del muestreo y que los protocolos específicos serán
necesarios basados en la variedad, a fin de detectar con
precisión PVY en muestras de tubérculo.
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New strains of Potato virus Y (PVY) have been detected
in the U.S. since the early 1990’s (Crosslin et al. 2002;
McDonald and Kristjansson 1993). These strains typical-
ly have milder mosaic expression in potato cultivars than
the common PVY
O strain that has been the predominant
strain in the U.S. (Gray et al. 2010) .T e s t i n gb ys e e d
certification agencies for PVY is usually done by con-
ducting two visual field inspections during the growing
season followed by a post-harvest grow out based on visual
symptoms and/or an enzyme linked immunosorbent assay
(ELISA) using green leaf tissue. The former may not always
bereliabledue tothe mildsymptom expression resulting from
infections in some potato cultivars. In addition, seed lot sam-
ples are sometimes not received from the grower in time to be
included in post-harvest test plots (which are typically planted
in early November) or a sample is not submitted for the grow
out, but a virus test to determine the extent of seed born PVY
is still required. In these situations it is common for a sample
of tubers to be ELISA tested in lieu of plants grown from the
tubers. However, if tubers are ELISA tested during the dor-
mantperiodthe results willtypically underestimate (give false
negatives) the presence of PVY in the sample (de Bokx and
Cuperus 1987).
Allowing enough time for titre increase and testing mul-
tiple sprouts from different areas of the tubers should in-
crease the accuracy of tuber testing. The virus in these
instances likely has had time to replicate and move to the
increased metabolic area created by a growing sprout
(Vetten et al. 1983). Uneven distribution of PVY in tubers
has been noted by Fox et al. (2005) and studies of artificial
dormancy break treatments have found more uniform distri-
b u t i o no fP V Yi nt u b e r s .I nas t u d yw i t hR I N D I T Ea n
increase in PVY detection in the bud end of the tuber was
noted (Gugerli and Gehriger 1980). Other work to promote
early dormancy break to increase reliability of sprout testing
by ELISA has been done with gibberellic acid (Fox et al.
2005), or bromoethane (McDonald and Coleman 1988).
Both RINDITE and bromoethane methods have been shown
to increase PVY detection by ELISA.
However, even with the current methods used for testing
seed samples, each year plantings of certified potato seed in
commercial fields can be found with high levels of PVY.
Seed lot comparison trials in Oregon each year confirm very
high PVY incidence in some potato seed lots (Hamm, un-
published data). Additionally, increases in the PVY
N:O
strain have been reported in a survey that looked at different
strains of PVY in seed lots planted by commercial growers
(Crosslin et al. 2006). The increased incidence of mild PVY
strains may also indicate the failure of traditional methods
used by seed certification agencies to clearly identify PVY
infected potato plants. In either situation, more reliable testing
methods may be needed for seed lots in general and specifi-
cally when tuber testing is required.
The research described here compares the ability to con-
firm PVY infection in tubers infected with PVY
O, PVY
N:O,
PVY
NTN strains (PVY
N:O syn. with PVY
N-Wi, Singh et al.
2008) following harvest by testing sprouts from three dif-
ferent tuber locations at two different times following
storage. This effort was initiated to determine if there
are differences in the distribution of these strains within
an infected tuber that might prove to be helpful in con-
firming PVY infections. In addition, to determine if PVY
distribution varied by cultivar, these three strains were
inoculated into three cultivars; one that clearly expresses
PVY mosaic symptoms (Russet Burbank) and two whose
expression is mild and/or transient and therefore more
difficult to determine visually (Shepody and Russet Nor-
kotah). No information is currently available that exam-
ines the detection of PVY strains in tubers tested at
dormancy and post-dormancy break.
Materials and Methods
Tuber Sampling, Cultivars, and Virus Isolates
Tubers were harvested from mother plants that were mechan-
ically inoculated with one of three strains of PVY
O,P V Y
N:O
and PVY
NTN. Tubers were saved from these plants and
planted again to produce a chronically infected plant. After
emergence these plants were tested with ELISA using antise-
rum PVY
O/C/N from SASA (Science and Advice for Scottish
Agricultural, Edinburgh, Scotland) to confirm PVYpresence,
but not strain type. The cultivars used were Russet Burbank,
Shepody, and Russet Norkotah. The PVY isolates used were
T1 PVY
O (Oregon field isolate), T3 PVY
NTN,( I d a h of i e l d
isolate), T4PVY
N:O (Oregon field isolate). Atmaturity, tubers
were harvested from these high titre mother plants (deter-
mined by ELISA readings greater than 2.000 absorbance at
A405 on a BioTek Plate Reader) and put in a growth chamber
with alternating high and low temperatures until dormancy
break.Whensproutswereapparent(averagesize1.8–2.2mm,
Table 1), tubers were sampled using a number 2 cork borer
(0.5 cm). At each sample time a 1.3 cm plug was taken from
an eye from the stem, middle and bud areas of each tuber
(sample numbers included in Table 1). At the first sampling
date many samples had more tuber tissue than sprout tissue. If
the sprout was largeenough that the tip wouldnot be included
in the 1.3 cm plug, the apical end of the sprout was cut and
included as part of the sample. In this manner, each sample
hadtubertissuefromdirectlybelowthe eye,sprouttissue,and
thesprouttip.Beforesampling,sproutlengthwasrecordedfor
each sample. The cork borer was flame sterilized between
each sample. At collection each sample was put in a 1.2 ml
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Samples were then stored in a −80°C freezer until they could
be lyophilized. Sampled tubers were then kept at 4.4°C, a
normal seed potato storage temperature, until the second
sampling. This sampling procedure was repeated on the same
tubers on another eye from the stem, middle, and bud areas
approximately 78 days after the first sampling.
ELISA and RT-PCR
Lyophilized sprout samples were tested with ELISA to detect
PVY. Samples were measured to provide uniform freeze dried
tissue in each ELISA well. Sample tissue was rehydrated in
1:10v/v phosphate buffer, using SASA PVY
O/C/N monoclonal
antiserum according to manufacturer’s instructions, at a con-
centration of 1:1000. Each ELISA plate was set up to handle
80 single well samples, a positive leaf sample well, lyophilized
tuber sample wells (one positive, four negative), and three
bufferonlywells.AbsorbancevalueswerereadusingaBioTek
plate reader and sample absorbance values were recorded after
subtracting the average absorbance value of the four negative
tuber sample wells. A positive/negative cutoff value was
determined for each plate by using the average of the healthy
plant samples plus four times the standard deviation of these
wells.
Reverse transcription-polymerase chain reaction (RT-
PCR) was used to detect PVY in samples that tested
negative with ELISA. RT-PCR was done using S3, S7
primers which produced bands of size 281 bp (PVY
O)
and 745 bp (PVY
N), respectively, and an antisense prim-
er (Nie and Singh 2002). Original isolates were also
tested and the strain confirmed using a multiplex RT-
PCR assay (Lorenzen et al. 2006)
Statistical Analysis
Results from ELISA and RT-PCR testing were analyzed in a
completely randomized design using ANOVA in JMP (JMP
2006). A Tukey HSD means separation test was used to
evaluate the variables that were significant. Student’s t-tests
were used for pairwise comparisons and for two sample
(with equal variance) comparisons.
Results
Average sprout length between Russet Burbank, Shepody, and
Russet Norkotah was not significantly different at the start of
dormancy break (i.e.thefirstsampling),whileRussetBurbank
had significantly longer sprouts at the second sampling
(Table 1).
When ELISA alone was used, the sample 2 date was
consistently more reliable compared to sample 1 to confirm
PVYinfection, regardless of strain or tuber location, in Russet
BurbankandRussetNorkotahbutnotinShepody(Table2).In
Shepody, PVY
O detection actually decreased between sample
1 and 2 (54.8 verses 26.9%). No differences in detection were
found between PVY strains at sample 1 but detection for
Table 1 Days from harvest, average sprout sample size and sample numbers for the 1st and 2nd sampling which were approximately 78 days apart
1st sample 2nd sample
Post harvest time Weeks Days Weeks Days
Russet Burbank 27.4 192 38.6 270
Shepody 20.7 145 31.8 222
Russet Norkotah 26.7 187 37.9 265
Sprout length (mm) 1st sample n0 2nd sample n0
Russet Burbank 2.2 a
a 96 12.9 a 97
Shepody 1.8 a 123 8.0 b 104
Russet Norkotah 2.0 a 63 8.2 b 50
Sample numbers PVY strain Sample location
(1st/2nd sample) O NTN N:O Stem Middle Bud
Russet Burbank 30/30
b 36/37 30/30 33/32 31/32 32/33
Shepody 31/28 56/45 36/31 40/25 42/38 41/41
Russet Norkotah 12/12 15/8 36/30 21/13 21/18 21/19
aLetters in each column that are the same are not significantly different (p≤0.01, Tukey HSD)
bSample numbers not always equal at each sampling due to fewer sprouts present after first sampling in each region or new sprouts available in that
region at the second sample
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OwashigherinRussetBurbank(86.6%)andnumerically
higher in Russet Norkotah (91.7%) at the second sampling.
Origin of the sample on the tuber impacted confirmation of
PVY at both sample times. Higher levels of detection were
found atthe bud end, significantly so in Shepody (78.5%) and
Russet Norkotah (39.4%) at sample 1 and in Russet Burbank
(92.3%) and Russet Norkotah (97.0%) at sample 2. At sample
2 the middle and bud tuber locations also had a significantly
higher detection percentage than the stem end in Russet
Norkotah. Overall, when comparing all data from strains and
tuber sampling location, significant improvement in PVY
detection occurred at sample 2 compared to sample 1 in
Russet Burbank (35.3 verses 97.1%) and Russet Norkotah
(40.9 verses 90.9%), but not in Shepody (79.1 verses 69.8%).
When ELISA and RT-PCR results were combined, in-
creased detection at sample 2, regardless of strain or sample
location, was nearly always numerically higher compared to
sample 1, but only significantly so with PVY
N:O in Russet
Burbank and Russet Norkotah and when detecting PVY
from the middle and bud locations for Russet Burbank
(Table 3). Increased detection of PVY
O and PVY
NTN strains
were found more reliably in sample 1 in Russet Burbank and
sample 2 in Shepody compared to PVY
N:O. In Russet Norkotah,
PVY
NTN was found more reliably than PVY
N:O.S a m p l el o c a -
tion at the bud end significantly increased detection of PVY at
sample 2 in Shepody compared to the stem end. Overall per-
centage detection when using ELISA and RT-PCR was signif-
icantly improved between sample 1 and 2 only in Russet
Burbank (85.3 vs. 100%, Table 3).
Using the combined ELISA+PCR data, significant inter-
actions were present between virus strain and sample loca-
tion (signifying distribution in the tuber). These interactions
were present for Russet Burbank at the first sampling and
Shepody at the second sampling involving PVY
N:O (Fig. 1).
A significant interaction also occurred with Russet Burbank
across strains with PVY
O at the bud end where 100%
detection occurred which was higher than the bud and
middle location with PVY
N:O. For Russet Burbank, the
two lowest average virus readings came from the middle
and bud end locations in tubers infected with PVY
N:O, but
only in the first sample. For Shepody, the lowest average
virus reading was in the stem end when it was infected with
the PVY
N:O strain. No interactions occurred in Russet
Norkotah for PVY strain or sample location, but the lowest
percentages came from PVY
N:O for the bud, middle, and
stem areas at sample 1.
Discussion
This research shows that the PVY
N:O strain can be unevenly
distributed in tubers of different cultivars during the storage
period. The other two strains (PVY
O and PVY
NTN) were
evenly distributed (i.e. testing results were not significantly
different for bud, middle, and stem areas for these strains).
Of the three cultivars tested, Russet Burbank and Shepody
showed a significant interaction between sample location
and strain, due to PVY
N:O, which was found at lower
percentages in the tubers tested. Again, Fox et al. (2005)
noted differences in the PVY distribution in tubers and
others have looked at dormancy breaking treatments that
help increase PVY concentration (de Bokx and Cuperus
1987; Gugerli and Gehriger 1980; McDonald and Coleman
1988), but these treatments were to get dormant tubers ready
for testing, not to look for differences in PVY strain distri-
bution in non-dormant tubers as in the present study.
Table 2 Percentage Potato virus Y from ELISA tests for two different sampling dates for Russet Burbank, Shepody, and Russet Norkotah
Cultivar Russet Burbank Shepody Russet Norkotah
Sample time 1st 2nd 1st vs. 2nd
a 1st 2nd 1st vs. 2nd 1st 2nd 1st vs. 2nd
PVY strain O 13.3 ns
b 86.6 a **
c 54.8 ns 26.9 ns * 25.0 ns 91.7 ns **
NTN 11.4 ns 53.4 b ** 47.8 ns 49.3 ns ns 20.0 ns 66.7 ns **
N:O 16.7 ns 73.3 ab ** 55.6 ns 48.7 ns ns 13.9 ns 61.0 ns **
Location Stem 16.7 ns 61.1 b ** 31.9 b 26.4 ns ns 8.3 b 37.5 b **
Middle 6.4 ns 60.0 b ** 47.9 b 41.9 ns ns 11.1 ab 84.8 a **
Bud 18.3 ns 92.3 a ** 78.5 a 56.6 ns ns 39.4 a 97.0 a **
Overall percentage
d 35.3 97.1 ** 79.1 69.8 ns 40.9 90.9 **
aTime difference between 1st and 2nd sampling is ∼78 days
bComparisons are for values within a column based on Strain with a separate comparison for Location: ns-not significant and values within a
column containing the same letter are not significantly different at p≤0.05 (Tukey’s HSD)
cComparisons are for values in rows based on Sample time: ns-not significant, ** p≤0.01 (Student’s t-Test, two sample, equal variance)
dPercentageofpositivetubers(i.e.percentoftubersthathadatleastonepositivetestoutofthethreetestspertuber-testedatbud,middle,andstemareas)
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their response to ELISA testing. Russet Burbank and Russet
Norkotah both had a higher percentage of tubers detected
with PVY strains when tested at the second sampling
(∼78 days past dormancy break). Shepody had the same or
lower percentages between the first and second samplings.
In the Fox et al. (2005) study, they found that the percent
detection of PVY (sampling tubers at the bud and stem
ends) was similar up to ten weeks post harvest for ELISA
and RT-PCR assays, then ELISA reliability decreased. Their
ten week time period coincided with the start of sprouting.
In this research with Shepody ELISA results, where the first
sample was taken at the start of sprouting, the percentage
dropped about ten points between first and second sampling
and although the difference is not significant, it follows
the pattern in the Fox data (Table 2, Overall Percentage,
Shepody). It is interesting to note that in a study by
Singh and Singh (1996), the authors found that PVY
O
was evenly distributed in cvs. Atlantic and Russet
Norkotah, but unevenly distributed in Shepody. The
authors also did a dilution series and showed that the
titre of PVY
O was much lower in Shepody compared to
the other two cultivars, most likely leading to uneven
distribution in the tubers. In their study, tubers were
stored at 4°C and RT-PCR tested at different intervals
up to 90 days. For comparison, the Shepody tubers
in this study had an uneven distribution of PVY and
although it was the N:O and not O strain the results
from cv. Shepody stored at similar temperatures (4.4°C
vs. 4°C). Currently, the Potato Association of America
Certification Section keeps an up-to-date list of cultivars
with latent PVY foliar expression (PAA 2011)t oa s s i s t
certification personnel with inspections. This research
indicatesthatitmayalsobeusefultodevelopalistofcultivars
that have different testing requirements as well.
Protocolsthataredesignedtogivethemostaccurateresults
for PVY detection in tubers should take into account when
tubers should be tested, where samples should be taken, and
should be based on the cultivar(s) being tested. Since tubers
may beinfectedwithany ofthe three strains ora combination,
the latest post-harvest testing date should be used and testing
should incorporate taking samples from at least the bud and
middle areas of each tuber. These results indicate that testing
with ELISA alone, with the protocol optimized as suggested
for the best detection, results will still underestimate the true
amount of PVY in a sample of tubers.
The advantage of using ELISA to test tuber samples in a
certification or diagnostic laboratory is the ability to test a
large number of tubers as individual tests in order to obtain a
percentage of infected tubers for certification tolerances.
Real time RT-PCR can be reliably used to test for PVY in
bulked samples that contain as little as one positive tuber in
ten(Foxetal.2005),butaformulamustbeappliedtoestimate
a percentage for certification purposes. The question as to
which assay is more accurate was addressed by Bolotova
et al. (2009), where they compared two different RT-PCR
protocols to ELISA. They found one of the RT-PCR methods
was not significantly different from ELISA and the other RT-
PCR method was less accurate.
Finally,thesurveybyCrosslinetal.(2006) showed that the
PVY
N:O strain had a dramatic increase in incidence in seed
lotsintwo ofthe three years itwas conducted comparedtothe
PVY
O and PVY
NTN strains. The lower detection rate of
PVY
N:O in parts of the tubers during this study (Fig. 1)m a y
be one contributing factor for the increase of PVY
N:O com-
pared to the other strains. If tubers are not sampled and tested
Table 3 Percentage Potato virus Y from ELISA and RT-PCR tests combined for two different sampling dates for Russet Burbank, Shepody, and
Russet Norkotah (samples that tested negative by ELISA were tested with RT-PCR and results were combined)
Cultivar Russet Burbank Shepody Russet Norkotah
Sample time 1st 2nd 1st vs. 2nd
a 1st 2nd 1st vs. 2nd 1st 2nd 1st vs. 2nd
Strain O 90.0 a
b 96.7 ns ns
c 87.0 ns 88.6 a ns 91.7 ab 100.0 ns ns
NTN 81.4 a 88.9 ns ns 82.1 ns 96.2 a ns 100.0 a 100.0 ns ns
N:O 40.0 b 96.7 ns ** 72.2 ns 65.9 b ns 61.1 b 92.8 ns **
Location Stem 73.8 ns 91.1 ns ns 75.4 ns 70.2 b ns 86.1 ns 95.8 ns ns
Middle 60.3 ns 91.1 ns ** 78.8 ns 82.3 ab ns 88.8 ns 100.0 ns ns
Bud 77.2 ns 100.0 ns ** 87.0 ns 98.1 a ns 77.8 ns 97.0 ns ns
Overall percentage
d 85.3 100.0 ** 100.0 100.0 ns 85.7 100.0 ns
aTime difference between 1st and 2nd sampling is ∼78 days
2Comparisons are for values within a column based on Strain with a separate comparison for Location: ns-not significant and values within a
column containing the same letter are not significantly different at p≤0.05 (Tukey’s HSD)
cComparisons are for values in rows based on Sample time: ns-not significant, ** p≤0.01 (Student’s t-Test, two sample, equal variance)
dPercentageofpositivetubers(i.e.percentoftubersthathadatleastonepositivetestoutofthethreetestspertuber-testedatbud,middle,andstemareas)
140 Am. J. Pot Res (2012) 89:136–141correctly, the possibility exists that the PVY
N:O strain would
be missed more often than the PVY
O and PVY
NTN strains.
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tuber at two sampling dates, ∼78 days apart. Percentage PVY figured from
ELISA+PCR results. PVY strains represented below bars by N:O, NTN,
andO.LocationofsamplerepresentedbelowbarsbyB 0bud,M0middle,
S0 stem areas. Cultivars are RB 0 Russet Burbank, SHEP 0 Shepody, and
NK 0 Russet Norkotah. No significant differences were noted for the
Russet Burbank 2nd sampling, Shepody 1st sampling, and Russet
Norkotah at either sampling. Significant differences for Russet Burbank
at 1st sampling and Shepody at 2nd sampling are represented with letters
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